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(54) Encapsulation with emulsrfiers 

(57) The present invention relates to encapsulation 
of agriculturally active ingredients (Als). Suitable Als for 
encapsulation are selected from carbamates, organo- 
phosphates, compounds which break down an insect's 
digestive tract tissue, nicotine, rotenone, neem oil or 
azadiractin, natural or synthetic pyrethrins, petroleum 
oils, halogenated hydrocarbons, Bacillus thuringiensis, 
and insecticidal viruses. The binder is an emulsH ier for 
said agriculturally effective active ingredient, exhibits a 
stable solid form at 20° C. and exhibits a melting point 
within the range of about 40 Q to about 100° C. 
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Description 

FIELD QF THE INVENTION 

The present invention relates to encapsulation of s 
agriculturally active ingredients with fatty alcohols. 

BACKGROUND OF THE INVENTION 

Some agricultural chemicals are quite useful, but 10 
are available only in limited forms and concentrations 
due to the nature of the chemical. Dimethoate (CAS No. 
60-51 -5) is one such chemical. Although quite useful as 
a systemic organophosphate insecticide useful against 
sucking and chewing insects, the spectrum of viable for- is 
mulations is quite limited. 

Dimethoate is a particularly difficult agricultural 
chemical to find in high concentration with formulations 
that are approved by the applicable environmental reg- 
ulatory agencies. Dimethoate has previously been avail- 
able only in the form of either wettable powders having 
a relatively low concentration (less than about 25 wt%) 
of active dimethoate or emulsifiable concentrates hav- 
ing a somewhat higher concentration of dimethoate 
(e.g., 25-45 wt%). Each form of dimethoate presents 
limitations and difficulties in use. 

Wettable powders with a low concentration of active 
ingredient require relatively high application rates of 
powder to achieve effective application rates of active 
ingredient. Because reservoir tanks for sprayers have a 
finite volume, the supply loaded into the tank is 
exhausted fairly quickly thus requiring return from a field 
for refilling. With large fields, the need to repeatedly refill 
is costly in terms of labor and time spent on treating. 

Emulsions pose other problems. The emulsifiable 
concentrates of dimethoate are made by emulsifying 
dimethoate in one on more nonaqueous solvents. Such 
solvents are relatively expensive, are not as readily 
available as water when seeking a dispersion vehicle, 
and may be phytotoxic to the plants sought to be treated 
with the dimethoate. 

Emulsifiable concentrates of dimethoate also have 
a maximum solubility of 2.67 #/gal (30.5 wt%) in aro- 
matic solvent. That limit can be elevated to about 43.5 
wt% in aromatic solvent if about 45% of cyclohexanone 
(ketone) solvent is added in addition to the aromatic sol- 
vent. 

The cyclohexanone also helps to avoid crystalliza- 
tion problems in the concentrate at temperatures down 
to about 13° C (55° F). Below that temperature, such as 
during storage in cold warehouses, crystallization in the 
concentrate forms precipitated impurities that do not 
redissolve and have no storage stability thereafter. 

It is thought to be possible to use acetate solvents 
at significantly higher cost and higher loading rates. To 
date, however, the. regulatory status of such solvents 
not yet been resolved. 

On the other hand, wettable powders present a dif- 
ferent set of difficulties. Wettable powders of dimethoate 



are conventionally made by a multistep process that 
includes: (a) grinding high purity dimethoate solids on a 
ball mill to a size within the range of about 10-30 urn; (b) 
adding any diluents desired (e.g., clays, talcs, or silica); 
(c) adding in any wetting or dispersing aids; and (d) 
forming the mixture into a powder. 

Powdered forms of dimethoate have been difficult 
to make due to the low melting point of concentrated 
dimethoate (MP of about 45-48° C) and the relatively 
low decomposition temperature of about 80° C. This low 
melting point also complicates the manufacturing proc- 
ess because the melting point temperatures can be too 
easily reached when concentrated dimethoate solids 
are milled to produce the size range needed for conven- 
tional methods of making wettable powders. The melted 
dimethoate can causing gumming of equipment or pose 
the risk of runaway oxidation in the milling apparatus. 
For that reason, dimethoate wettable powders are gen- 
erally made in commercial facilities only on days when 
the ambient temperature is less than about 10° C such 
as in late Fall, Winter, and early Spring. It would be 
desirable to have a dimethoate solid that could be made 
without the previous sensitivity to manufacturing cli- 
mate. 

Wettable powders also exhibit a limited shelf life of 
less than about one year. It is thought that the clay used 
to make the powder contains adsorbed water which, 
during storage, hydrolyzes the dimethoate into less 
active or inactive forms. Fresh dimethoate product must 
be made for each agricultural season with a require- 
ment that the forecasted need be fairly accurate to avoid 
shortages or waste inventory. It would be desirable to 
have a dimethoate solid that had a shelf life of more 
than one year, preferably more than about two years to 
permit inventory to be carried over to the succeeding 
season. 

It would be useful to have a formulation for dimeth- 
oate with the solvent-free characteristics of wettable 
powders yet the high loading capacity of an emulsifiable 
concentrate. 

SUMMARY OF THE INVENTION 

It is an objective of the invention to provide a solid 
agricultural formulation that can contains more than 
about 25 wt% dimethoate. 

It is another objective of the invention to provide a 
solid formulation for dimethoate and other agriculturally 
effective active ingredients that are sensitive to hydroly- 
sis during storage and which exhibit a shelf life of 
greater than one year to permit inventory carryover to at 
least the next agricultural season. 

It is a further objective of the invention to provide a 
process for making a solid agricultural wettable powder 
product that avoids high processing temperatures. 

In accordance with these and other objectives of 
the invention, solid agricultural powder formulations 
according to the invention comprise a wettable powder 
containing: 
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(a) more than 25 wt% of an agriculturally effective 
active ingredient that is water insoluble, insoluble or 
sparingly soluble in aliphatics and aromatics, and 
which exhibits a flash point temperature of less than 
about 36 °C; and 

(b) an encapsulating binder that is an emulsifier for 
said agriculturally effective active ingredient, exhib- 
its a stable solid form at 20° C, and exhibits a melt- 
ing point-within the range of about 40° to about 
100° C. 

The process for making powdered solids according 
to the invention comprises: 

(a) mixing more than 25 wt% of a finely divided or 
liquid agriculturally effective active ingredient that is 
water insoluble, insoluble or sparingly soluble in 
aliphatics and aromatics, and which exhibits a flash 
point temperature of less than about 36 °C; is mixed 
into a molten binder that is an emulsifier for said 
agriculturally effective active ingredient, exhibits a 
stable solid form at 20° C. and exhibits a melting 
point within the range of about 40° to about 100° C; 
and 

(b) forming the active ingredient/binder mixture into 
solid particles. 

The solid agricultural powder formulation of the 
invention provides an agriculturally effective product 
that is free of the solvents and associated regulatory 
concerns applicable to emutsifiable concentrates with 
the convenience and improved storage stability of wet- 
table powders. When applied to dimethoate, the dimeth- 
oate powders of the invention can also be made with 
higher levels of dimethoate than previously available 
with prior wettable powder formulations thereby reduc- 
ing the volume and weight of applied material. 

DETAILED DESCRIPTION 

The present invention is based on the use of a 
water dispersible, water soluble, encapsulating binder 
that also exhibits solubility for an agriculturally effective 
active ingredient (Al) homogeneously distributed 
therein. The dual solubilities of the binder permit the for- 
mation of wettable powders containing high levels of Al 
which do not require nonaqueous solvents for suspen- 
sion and dispersion. 

Binders 

Encapsulating binder materials according to the 
invention must: (a) be good emulsifiers for the water 
insoluble agriculturally Ais sought to be formulated; (b) 
exist in a stable solid form at about 20° C; and (c) exhibit 
a melting point within the range of about 35° to about 
100° C. Exemplary binders are film-forming polymers 
that include fatty alcohols such as cetyl alcohol (MP=46- 
50° C), stearyl alcohol (MP=51-60° C), myristyrl alcohol 



(MP=38° C); other fatty acids exhibiting a melting point 
within the range from about 63°-67° C (e.g., stearic acid 
and palmitic acid); fatty esters exhibiting a melting point 
within the range of about 35°-70°C (e.g., methyl stear- 
5 ate); and fatty methyl esters exhibiting a melting point 
within the range of about 35°-70°C (e.g., fatty methyl 
stearate). 

If desired, materials that are not solid at room tem- 
perature can be added to adjust the release character- 
10 istics of the final product. Liquids that are good 
emulsifiers will increase the release rate and facilitate 
dispersion of the encapsulated product. 

Active Ingredients 

15 

Agriculturally active ingredients (Ais) suitable for 
encapsulation binding by the present invention are: (a) 
water insoluble; (b) insoluble or sparingly soluble in 
aliphatics and aromatics; and (c) exhibit a flash point 

20 temperature of less than about 1 20° C (1 00° F). Agricul- 
turally effective active ingredients should also be soluble 
in the encapsulating binder at room temperature. Such 
solubility is readily determined by simply observing 
whether an encapsulated material separates from the 

25 binder upon standing and whether a cooled mixture of 
the two maintains a dry, free flowing powder form. Solu- 
bility of the active material in the binder is characterized 
by the retention of a dry powder form after standing at 
20° C for 10 minutes and the need for a higher temper- 

30 ature to re-melt the solidified mixture. Insolubility exists 
when solid particles "weep" and form a liquid phase 
upon cooling. 

Exemplary Ais that meet one or more of the criteria 
for the invention include solid and liquid forms of the car- 

35 bamates (e.g., carbaryl, aldicarb, methomyl, carbo- 
furan, bendiocarb, oxamyl, thiodicarb, trimethylcarb); 
organophosphates (e.g., phorate, terbufos, fbnophos, 
isofenphos, ethoprop, fenamiphos, disulfoton, 
malathion, parathion, demeton, dimethoate, chlorpyri- 

40 fos, diazinon, and phosmet); compounds which break 
down an insect's digestive tract tissue including fluorine 
compounds (cryolite), zinc, and mercury; nicotine; 
rotenone; neem oil or azadiractin; natural or synthetic 
pyrethrins; petroleum oils; the halogenated hydrocar- 

45 bons (e.g., endrin, aldrin and its epoxide, dieldrin, hep- 
tachlor, DDT, BHC, lindane, chlordane, methoxychlor, 
DDD, TDE, and the polychlorinated biphenyls); Bacillus 
thuringiensis; and insecticidal viruses (e.g., entomo- 
pathic viruses such as the bacculo viruses). 

so The process for making the encapsulated agricul- 
tural Ais includes: (a) melting the encapsulating binder 
material along with any surfactant and/or dissolution 
enhancer for the Al; (b) melting the Al before, during, or 
just after melting the Al; (c) mixing the molten Al into the 

55 molten binder until the Al is thoroughly and homogene- 
ously distributed throughout the molten binder; and (d) 
forming the encapsulated Al solid powder by any of the 
conventional particle forming techniques. Suitable parti- 
cle forming methods include rotating disks or nozzles 
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with orifices sized to the particle size to be formed, low 
pressure extrusion, spray congealing, pan granulation, 
and bricquetting. 

In the preferred encapsulation process, finely 
divided exhibiting a melting point of less than about 50° s 
C or liquid Al is mixed into molten binder and formed 
into droplets. Low melting point Ai (e.g., dimethoate is 
particularly preferred) should be added as a molten liq- 
uid to the molten binder and mixed sufficiently to form a 
homogeneous, compatible mixture. In general, finely w 
divided Al solids must be first ground to size with con- 
ventional techniques if the Al is not commercially avail- 
able in a pre-ground form. Al solids exhibiting a size of 
less than about 1 00 urn in diameter is well suited for the 
present invention. The invention is particularly useful for 15 
Al solids having a size within the range from about 0.1 
urn to about 50 urn and even more useful for Al solids 
within the range of 2 jim to about 30 jim. As used 
herein, reference to Al solids includes active ingredients 
that naturally exhibit a solid form at room temperature 20 
as well as liquids that have been previously encapsu- 
lated or adsorbed in a solid carrier. 

The Al is added to a molten binder containing any 
additives and mixed. Molten binder is preferably melted 
in a stirred, jacketed vessel to control the melting tern- 25 
perature. The molten binder preferably exhibits a vis- 
cosity of less than about 1000 cp, more preferably less 
than about 500 cp, and most preferably less than about 
100 cp to allow particle formation through conventional 
nozzles and extrusion equipment. 30 

At some concentration level that is unique to each 
active ingredient, however, no additional Al can be car- 
ried by the binder. Attempting to add more Al adversely 
affects the structural integrity of the resulting particle. At 
very high concentrations of Al, e.g., greater than about 35 
70 wt% for some materials, the amount of binder* is 
insufficient to impart integrity to the microcapsule. An 
overloaded particle is friable and cannot maintain a 
structurally intact particle form with even moderate 
pressure thereby breaking apart and forming undesired 40 
fines. Rolling the formed particles between the thumb 
and forefinger with a moderate crushing pressure will 
readily reveal whether the loading limit of the binder has 
been exceeded. 

The structural integrity of the particle can be 45 
enhanced by adding to the molten first film-forming pol- 
ymer binder a quantity of a second film-forming polymer 
the is sufficient to enhance the strength of the resulting 
binder relative to the binder without the second film- 
forming polymer. Generally, no more than about 0.001- so 
10 wt% of the strength enhancing second film-forming 
polymer is sufficient to enhance the structural integrity 
of a particle formed therefrom. Preferably, the second 
film-forming polymer is used in an amount within the 
range from about 0.001 wt% to about 5 wt%, even more 55 
preferably within the range of 0.1-1 wt%, based on the 
amount of the binder. Preferably, the second film-form- 
ing polymer is added to the molten binder and mixed 
until homogeneous, i.e., fully dissolved in the binder 



base material, before the agriculturally effective active 
ingredient is added to the resulting molten binder mix- 
ture. 

Preferred second film-forming polymers are alcohol 
and water soluble with a tensile strength of greater than 
about 2000 psi and an elongation of greater than about 
1 0%. Solubility of the film-forming polymer in alcohol will 
ensure chemical compatibility with the binder, and water 
solubility will assure that the dispersability and dissolu- 
tion characteristics of the particle are not significantly 
affected. 

Suitable second film-forming polymers for use in 
the invention include cellulose derivatives (i.e., hydroxy- 
propyl cellulose, hydroxyethyl cellulose); polyethylene 
oxide; polyvinylpyrrolidone, and hydroxypropyl guar. In a 
particularly preferred embodiment, the second film- 
forming polymer that exhibits a relatively higher melting 
point but which is soluble in the molten binder material 
is added to the molten binder in a quantity sufficient to 
raise the final melting point of the resulting binder. An 
increase in the melting point of the binder will provide an 
additional measure of increased stability under the con- 
ditions normally encountered in commercial product 
storage. 

Once thoroughly mixed into a homogeneous mate- 
rial, the temperature of the mixed, molten material is 
lowered in the stirred vessel to a temperature above the 
solidification temperature of the molten, homogene- 
ously mixed material. Preferably, the temperature is low- 
ered to a temperature of no more than about 5-15° C 
above the solidification temperature. The specific tem- 
perature will depend on the particular binder material 
used as well as any solvents that have been added. 
Preferably, the encapsulated Al will exhibit a melting 
point within the range from about 40° C to about 70 C°. 

In general, cooling the molten material inside the 
stirred, jacketed vessel is less expensive and more flex- 
ible than constructing a congealing tower or zone that is 
tall enough to accommodate the required degree of 
cooling for all possible formulations made by the 
present invention. 

Once cooled to the desired temperature, the molten 
binder/AI mixture is sprayed downwardly through any 
droplet forming device (e.g., nozzles or circular disks 
exhibiting sized holes) into the top of a congealing tower 
or zone. As the droplets fall through the cooling area, 
they solidify and form particles of encapsulated Al. 

To reduce the occurrences of plugging, the molten 
binder/AI can be sprayed into a congealing tower 
through heated nozzles or a heated rotating disk. Pref- 
erably, the nozzles or disk are heated to a temperature 
of at least about 10°C above the solidification tempera- 
ture of the binder/AI mixture. In its most preferred form, 
a stainless steel disk atomizer is heated with a radiant 
heater located below the disk and directed upwardly 
against the bottom of the disk. Virtually any other form 
of heat can, however, be used. The nozzles or disk are 
preferably heated to a temperature within the range 
from about 30° C to about 50° C while the congealing 
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tower is cooled by an upwardly flowing stream of air at a 
temperature within the range from about 5° C to about 
20° C. An air diverter is preferably used for shielding the 
heated nozzles from contact with the rising cool air. In 
effect, the diverter is used to divide the cooling tower 
into a heated zone immediately around the droplet form- 
ing orifices and a cooling zone around the periphery for 
cooling the droplets into solid particles. 

The air flow rate is selected to produce a falling rate 
to allow sufficient time for the particle to solidify com- 
pletely by the time the particle reaches the collection 
area at the bottom of the tower. For particles with a 
diameter of about 300-600 m™. a congealing tower 
height of about 1-2 m is generally sufficient. 

Solid product particles can be collected easily 
because the solids are dry and non-tacky at the exit 
from the congealing zone. In the laboratory, solid prod- 
uct can be collected on a tarp or mat. Commercial proc- 
esses may wish to use more efficient collection means 
with chutes, weighing sections, and automatic packag- 
ing devices. 

The encapsulated active ingredient particles pre- 
pared according to the process of the invention gener- 
ally exhibit a size within the range from about 10 urn to 
about 3000 urn. Encapsulated products exhibiting a size 
within the range of about 10-1500 urn, preferably 100- 
600 urn, for spraying through conventional spraying 
equipment. Encapsulated solids exhibiting a size within 
the range of about 600-3000 urn are preferred for use in 
a dry granular product form. 

EXAMPLES 

In each of the examples, the normally solid alcohol 
was melted at a temperature of about 60° C. The sur- 
factant, starch, and active ingredient were then added 
seriatim and mixed in a high shear mixer until the mix- 
ture was homogeneous. The mixture was then formed 
into droplets by passing the molten mixture through 
sized openings in the perimeter of a rotating metal disk 
heated to a temperature within the range from about 
38°-43° C. The molten mixture was allowed to cool as it 
dropped through air chilled to a temperature within the 
range from about 1 5°-1 8° C over a height of about 1 .2m. 
The solidified particles were collected on a tarp beneath 
the rotating disk assembly. 

Example 1 

Encapsulated dimethoate solids were made from 
the materials listed in Table 1 . 



Table 1 



Component 


Weight 
% 


cetyl alcohol 


17 


starch 


40 


nonionic surfactant 


1 


dimethoate (96% purity) 


42 



15 

Example 2 

Encapsulated dimethoate solids were made from 
the materials listed in Table 2. Fumed silica was added 
20 as an anti-caking aid. 



Table 2 



Component 


Weight 
% 


cetyl alcohol 


12 


modified cellulose gum 


5 


starch 


23.9 


ionic surfactant 


5 


fumed silica 


1 


dimethoate (96% purity) 


53.1 



35 



Claims 

40 

1 . A wettable powder comprising: 

(a) more than 25 wt% of an agriculturally effec- 
tive active ingredient that is water insoluble, 

45 insoluble or sparingly soluble in aliphatics and 

aromatics, and which exhibits a flash point tem- 
perature of less than about 36 °C; and 

(b) an encapsulating binder that is an emulsif ier 
for said agriculturally effective active ingredient, 

so exhibits a stable solid form at 20° C, and exhib- 

its a melting point within the range of about 40° 
to about 100° C. 



2. A powder as in claim 1 wherein said agriculturally 
55 effective active ingredient selected from the group 
consisting of carbamates, organpphosphates, com- 
pounds which break down an insect's digestive 
tract tissue, nicotine, rotenone, neem oil or aza- 
diractin, natural or synthetic pyrethrins, petroleum 
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oils, halogenated hydrocarbons, Bacillus thuring- 
iensis, and insecticidal viruses. 

3. A powder as in claim 1 wherein said agriculturally 
effective active ingredient comprises dimethoate. 

4. A powder as in claim 3 wherein said encapsulating 
binder comprises a fatty alcohol exhibiting a melting 
point within the range of about 35° to about 100° C. 

5. The powder as in claim 1 wherein said encapsulat- 
ing binder comprises cetyl alcohol. 

6. The powder as in claim 1 wherein said encapsulat- 
ing binder comprises steryl alcohol. 

7. A powder as in claim 1 wherein said encapsulating 
binder further comprises a second film-forming pol- 
ymer in a quantity sufficient to enhance the strength 
of the resulting binder relative to the binder without 
the second film-forming polymer. 

8. A powder as in claim 7 wherein said second film- 
forming binder is alcohol and water soluble with a 
tensile strength of greater than about 2000 psi and 
an elongation of greater than about 10%. 

9. A powder as in claim 7 wherein said second film- 
forming binder is selected from the group consisting 
of cellulose derivatives; polyethylene oxide; polyvi- 
nylpyrrolidone, and hydroxypropyl guar. 

10. A powder as in claim 9 wherein said second film- 
forming binder is selected from the group consisting 
of hydroxypropyl cellulose and hydroxyethyl cellu- 
lose. 

1 1 . A process for encapsulating an active ingredient by 
the steps comprising: 

(a) mixing more than 25 wt% of a finely divided 
or liquid agriculturally effective active ingredient 
that is water insoluble, insoluble or sparingly 
soluble in aliphatics and aromatics, and which 
exhibits a flash point temperature of less than 
about 36 °C; into a molten binder that is an 
emulsif ier for said agriculturally effective active 
ingredient, exhibits a stable solid form at 20° C, 
and exhibits a melting point within the range of 
about 40° to about 100° C; and 

(b) forming the active ingredient/binder mixture 
into solid particles. 

12. A process as in claim 11 wherein the mixing step 
comprises: 

mixing an agriculturally effective active ingredi- 
ent selected from the group consisting of car- 
bamates, organophosphates, compounds 



which breakdown an insect's digestive tract tis- 
sue, nicotine, rotenone, neem oil or azadiractin, 
natural or synthetic pyrethrins, petroleum oils, 
halogenated hydrocarbons, Bacillus thuring- 
5 iensis, and insecticidal viruses into a molten 

fatty alcohol exhibiting a melting point within 
the range of about 35° to about 100° C. 

13. A process as in claim 12 wherein the mixing step 
w comprises: 

mixing dimethoate into molten cetyl alcohol. 

14. A process as in claim 11 wherein the mixing step 
15 further comprises: 

mixing said agriculturally effective active ingre- 
dient into a molten binder comprising: (a) a first 
film-forming polymer selected from the group 
20 consisting of fatty alcohols and fatty acids 

exhibiting a melting point within the range from 
about 35° to about 100° C. fatty esters exhibit- 
ing a melting point within the range of about 
35°-70°C, and fatty methyl esters exhibiting a 
25 melting point within the range of about 35°- 

70°C; and (b) a second film-forming polymer 
that is soluble in alcohol and water, exhibits a 
tensile strength of greater than about 2000 psi, 
and exhibits an elongation of greater than 
30 about 10%. 

15. A process as in claim 14 wherein the mixing step 
comprises: 

35 mixing said agriculturally effective active ingre- 

dient with a molten binder comprising a homo- 
geneous mixture of: (a) a first film-forming 
polymer selected from the group consisting of 
fatty alcohols and fatty acids exhibiting a melt- 
40 ing point within the range from about 35° to 

about 100° C, fatty esters exhibiting a melting 
point within the range of about 35° -70°C, and 
fatty methyl esters exhibiting a melting point 
within the range of about 35°-70°C; and (b) a 
45 second film-forming polymer selected from the 

group consisting of cellulose derivatives; poly- 
ethylene oxide; polyvinylpyrrolidone, and 
hydroxypropyl guar. 

50 16. A process as in claim 15 wherein the mixing step 
comprises: 

mixing molten dimethoate with a binder com- 
prising a molten mixture of: (a) a fatty alcohol 
55 exhibiting a melting point within the range from 

about 35° to about 100° C; and (b) a cellulose 
derivative. 
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